A wireless communication system, especially a wireless LAN (W-LAN) which operates in the ISM (Industrial, Scientific and Medical) band, may be widely used in a home network to transmit data of mobile computing, entertainments, security information, and/or state information of home. The W-LAN system is also prevailing not only in a home or an office, but also in outdoor environments in these days. A TD-CDMA system, which we have developed to collect damage assessment information for a natural disaster, operates in a shared frequency band, 2.4GHz ISM band. This paper describes an influence of the W-LAN on the experimental system, and discusses an interference mitigation method. The experiments show the interference of W-LAN deteriorates the frame error rate (FER) on the order of 10 −2 . The proposed mitigation method improves SINR with a closed-loop power control technique of CDMA. The results of the experiments show that the FER recovers at 1×10 −3 or less using the proposed mitigation method, and that the monitoring system is satisfactorily feasible to operate in the vulnerable ISM band.
The experimental system consists of one CS, four BSs, and 128 terminals. The CS accesses BSs with 2.1 GHz radio channels in the upper layer, where the distances between CS and BSs are at 6.3km, 3.3km and 80m (two sites), respectively, satisfying the condition of line-of-sight. Whereas, one of the BSs and 128 terminals compose a cell of the lower layer, and connect with 2.4GHz low power (10mW) radio system, combining CDMA and TDMA technique, so-called TD-CDMA (Time Division and Code Division Multiple Access) [7] . 128 terminals are placed in a residential block within a 300m-range from the BS, as depicted in Fig.2 . Those antennas are set up in order to satisfy the condition of line-of-sight. In the experimental system set up in a private residence, the HS collects data from gasmeters and water-meters, and transmits the data through a CDMA terminal to the BS. The parameters of the radio channels are listed in Table 1 . 
CDMA Channels
CDMA channels of the experimental system consist of a forward-link (Fw-link) and a reverse-link (Rev-link), as shown in Fig.3 . The Fw-link comprises a control channel and a data channel; the former includes pilot signals, a frame synchronous word and power control signals, the later transmits data. A transmitter of the Fw- 
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link modulates signals in DBPSK (Differential Binary Phase Shift Keying), and further spreads the modulated signals with the Orthogonal Gold Sequence (OGS) codes of length 64 in the direct sequence CDMA (DS-CDMA) [8, 9] . The spread signals are transmitted to CDMA terminals via 2.4GHz radio channels. The receiver despreads the signals with the same codes, and demodulates in DBPSK.
On the other hand, the Rev-link is composed of two data channels. Preamble signals are incorporated in the first sub-frame of the respective data channels for timing acquisition. As well as the Fw-link, the transmitter of Rev-link modulates the signals in DQPSK (Differential Quadri-phase Shift Keying), and spreads the signals with the OGS codes of length 128. The receiver despreads the signals with the same OGS codes, and demodulates in DQPSK.
The system also implements a function of FEC (Forward Error Collection); the convolutional coding by the rate of 1/3 and by the constraint length of 9, and Viterbi decoding. To check error generated in radio propagation channels, 8-bit CRC (Cyclic Redundancy Check) code is incorporated in data. The system implements a closed-loop power control technique to maintain received signal powers at a reference power level. The power control interval time is designed at 2.5msec against fading. The parameters of the CDMA channels are listed in Table 2 . 
TD-CDMA Scheme
The experimental system introduces a hybrid technique combining CDMA and TDMA, hence, TD-CDMA (Time Division and Code Division Multiple Access) technique, to increase the number of multiplexed terminals, maintaining orthogonality. In the TD-CDMA scheme, the system divides CDMA channels into 32 time-slots of 320ms, and allocates terminals into timeslots, respectively, as shown in Fig.4 . As the result of the allocation, 32 terminals share one CDMA channel. Besides, since terminals allocated in the same timeslot form a group, 256 terminals compose 32 groups. When the BS polls terminals with the group number at designated timing, the invoked terminals transmit data via the multiplexed CDMA channels. Consequently, the BS invokes 256 terminals and receives data in a cycle of 10.24s (=0.32¥32).
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Fig .4 . TD-CDMA operation scheme. 
Interference of W-LAN
Interference Power
An experimental CDMA receiver is capable of detecting and measuring micro signal power by exploiting the processing gain function. Considering signal power received at BS, the despreading signal power density from a terminal (i) is given as E bi (= P si /B), where P si is received signal power from the terminal (i) and B is the signal bandwidth. As the reference power is presented as P 0 , the power density of the same bandwidth is given as P 0 /B. The ratio of signal power density of i and reference power density, dS i , is given by
When the receiver detects the power ratio, dS i , for each i, the received signal power of i, P si is found as,
On the condition that each signal power is controlled in order to be equal at the reference power level, dS i is approximately equal to one for each signal power of i. With regard to the interference power, since the power density, I 0 , does not change by despreading, the ratio, dI, of interference power density for reference power density is given by, 0 0
Therefore, the interference power, P I , at the input port of the receiver is given by 
where W is the bandwidth of the receiver, and G p is the processing gain of the CDMA receiver. Likewise, the ratio, dN, of noise power density for reference power density, and the noise power, P n , are give as,
where N 0 is the noise power density. Equations (2), (4) and (6) represent that the signal power from terminal (i), the interference power and the noise power are found by the power ratios, dS i , dI and dN, respectively.
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Experiments and Results
According to the above power measurement scheme, the experiments measure the signal, noise and interference powers, on the condition that a W-LAN is operating in the experimental field. The frequency band of the W-LAN, which is used in the experiments [10, 11] 1 , is at 2.484GHz, overlapping with the frequency band of Revlink, 2.482GHz. The bandwidth is at 26MHz, the output power is at 10mW/MHz, and DS-SS (Direct Sequence Spread Spectrum) fashion is implemented for the spreading modulation.
Since experimental terminals are allocated only in either even or odd number timeslots, signal power of the Rev-link exists in one side of even or odd timeslots. The results of received power are illustrated in Fig.5 , where signal power and noiseand interference-power are detected at alternative timeslots. The Fig.5 shows that the interference power increased when the W-LAN was turned on at the timing of 14 seconds. The results of the experiments present that the power ratio of signal, dS, is approximately at 0dB, that is, the signal power is approximately consistent with the reference power level, −100dBm, by virtue of the power control. The interference power ratio, dI, and noise power ratio, dN, are approximately at −8dB and −26dB, respectively. Therefore, the powers are found at −87dBm and −105dBm, respectively, with equations (4) and (6), where the processing gain, G p , is at 21dB (=128). The signal-to-interference-plus-noise ratio, SINR, is also found at −13dB in W-LAN: ON, and 5dB in W-LAN: OFF.
The experiments evaluate the frame error rate (FER), in case that the W-LAN is turned ON and OFF, respectively. The FER is defined as the time average of communication failure rate in round-trip transmission for each terminal. The results of the FER for 125 CDMA terminals are shown in Fig.6 . The average FER of entire terminals is at 1.8×10 −2 in W-LAN: ON, and at 1.5×10 −3 in W-LAN: OFF. These results represent that the FER deteriorates on the single-digit range caused by decreasing to −13dB at SINR due to the influence of W-LAN.
Interference Mitigation
Mitigation Scheme
This paper proposes a scheme to mitigate interference by means of controlling output power of a terminal dynamically using closed-loop power control technique, resulting in maintaining signal-to-interference-plus-noise ratio (SINR) at a desired level. In the experiments, changing attenuation placed in the input port of the receiver, and activating the power control function, the SINR is controlled according to the attenuation.
Since the input power (P in ) includes signal power (P si ) from each terminal and interference power (I 0 ) from external sources such as W-LAN, P in , P si and I 0 are written as,
Due to the attenuator placed in the input port of the receiver, the received power (P r ) is attenuated and given by, 
where A is amount of attenuation. Since each signal power is maintained at a specified reference level, P 0 , by virtue of the power control, the received power is written over as 0 0 r i
On the condition that the power control operates validly, that is, the output power of the terminal does not exceed a higher limit, the SINR i of signal from a terminal (i) is found at, 0 0 0
where P 0i is a desired signal power and P 0j is signal power from the other terminals. The ratio of the bit energy (E b ) and interference noise density (I 0 ), E b /I 0 , is given as,
where G p is the processing gain.
Equations (10) and (11) represent that SINR i and E b /I 0 are improved approximately in proportion to the attenuation, A. The system is able to control SINR dynamically using power control function. As the result, the bit error rate (BER) is recovered.
Experiments and Results
The experiments for the proposed interference mitigation scheme are carried out by means of placing an attenuator in the input port of the receiver, and changing the attenuation as a parameter. In the experiments, the W-LAN units, which are operating in outdoor environments within the experimental field; the distances to the BS are at 80m and 280m, respectively, influence the experimental system, as described in the previous section.
Frame Error Rate
The experiments measure the average of signal power and interference power, respectively, in the BS receiver as a function of attenuation. The results of the power measurement are presented in Fig.7 , in changing attenuation from 0dB to 12dB. The measurements of the signal and interference powers give the SINR at each range of the attenuation, and graph out in Fig.7 . The result shows that the SINR improves from −13dB to −4dB in proportion to attenuation.
The average frame error rate (FER) of the entire system is found from the FER of each terminal. The results of the FER are illustrated in Fig.8 , enhancing SINR by attenuation placed in the input port of the receiver. It shows that the FER is recovered from 2.6×10 −2 to 3×10 −4 by enhancing SINR from −13dB to −2dB. Fig.8 also represents that the FER satisfies 1×10 −3 or less, on the condition of maintaining SINR at −10dB or more. The SINR of −10dB is equivalent to 11dB in E b /I 0 due to G p =21dB. Besides, the FER of 1×10 −3 is equivalent to 1×10 −6 in BER in the experimental system.
Connection Failure Rate
As shown in Fig.8 , FER is recovered by enhancing SINR even if the experimental system operates in the interference environment. However, this method requires increasing output power of terminals with the closed-loop power control fashion. Whereas, since the output power is restricted by the upper limit, the received signal power cannot be maintained at the desired reference level, in case that the propagation loss of the CDMA channel is larger than the controllable range. We define the connection failure rate (CFR), which is the rate of terminals that the connection to the BS is not valid. The result of the CFR is presented in Fig.9 as a function of attenuation placed in the input port. It shows that the CFR is at about 5% or less in the experimental system, in case that the attenuation is at 10dB or less.
These results of 4.2.1 and 4.2.2 represent that the method which controls the output power of terminals dynamically with the closed-loop power control fashion achieves enhancing the SINR, as the result, the FER deteriorated by interference is recovered, provided that the terminal can afford to control the output power with the closed-loop power control technique.
Conclusions
This paper has described the influence of W-LAN on the experimental TD-CDMA system, and has discussed an interference mitigation method. The experiments show that the influence of W-LAN deteriorates the FER of the experimental system at 2×10 −2 . The proposed mitigation method was experimented by means of controlling the output power of the terminals dynamically with the closed-loop power control technique. The results showed that the SINR increases from −13dB to −2dB, and consequently that the FER results in improving at 3×10 . On the contrary, the method induced the adverse effect that the connection failure rate increases rapidly in case of too large attenuation. Based on those results of FER and CFR, it is required to choose an appropriate range of attenuation by a practical compromise. As the result, the monitoring system is satisfactorily feasible to operate in the 
